Graz.ing trials were conducted for 2 yr using weanling Brahman crossbred beef steers to evaluate graded levels of salinomycin ( 
Introduction

Bermudagrass
(Cynadan
dactylon)
is a widely grown warm-season perennial grass adapted to many soils in the southern U.S. Bermudagrasses are very efficient in their utilization of N fertilizers in terms of units of N per unit of forage produced (Wilson, 1984) , but they are relatively low in quality compared with warm-season and cool-season annuals (Utley et al., 1975) . Salinomycin is a polyether ionophcre produced by streptomyces albus that has been reported to increase steer performance on pasture (McClure et al., 1980) and in the feedlot (Merchen and Berger, 1985) . The ionophores monensin and lasalccid have been shown to increase feed efficiency in cattle fed concentrate diets (Grueter et al., 1976 ; Brown and I The research reponed herein was supported in part by a grant from A. H. Robins Co., Richmond, VA.
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• Published with approval of the Louisiana Agric. Exp. $ta, as manuscript number 87-92-1302 . ReccivedJune 5,1987 . Accepted October 26, 1987 . Davidovich, 1979) and to increase rates of gain for steers on forage diets (Oliver, 1975; Bagley e r al., 1981) . lcnoph ores increase feed utilization through selectively altering the rurninal microflora and creating a rumina! environment favoring propionate-producing organisms (Dinius et al., 1976) and decreasing ruminal methane production (Thornton er al., 1976) , Salinomycin has been shown to produce rurninal volatile fatty acid (VFA) changes similar to moneosin (Fontenot er al., 1980; Merchen and Berger, 1985) .
The objectives of this study were to evaluate the effects of graded levels of salinomycin on the performance of steers grazing bermudagrass pastures and to evaluate the consumption and animal performance of steers fed salinomycin in a free-choice mineral premix on pastures.
Materials and Mathods
Trial 1. Salinomycin was mixed with ground corn that was fed to 40 Brahman crossbred steers (lOltreatment, avg 180 kg) at a rate of .9 kg . head-'
• d-1 to deliver 0, SO, 100 and 150 mg of the ionophore daily. All steers were placed in one pasture and hand-fed daily .9 kg/head of corn (no salinomycin) and provided ad libitum access to hay during a 3·wk adjust-792 J. Anim. Sci. 1988. 66:792-797 menr period. Following adjustment, steers were weighed full on 2 consecutive d, blocked according to weight and allotted to treatments providing daily salinomycin intakes of 0, 50, 100 and 150 mg/head. There were two groups per treatment of five steers each grazing bermudagrass pastures, Steers were rotated among pastures at 2-wk intervals during the 161·d grazing trial.
Initial and final weights were taken on 2 consecutive d with single weights taken at 28-<1 intervals. Heights of steers at the hips and condition scores (l ""emaciated, 5 = average and 9 "" obese) were taken with the initial and final weights.
Steers had access to water and a trace mineralized salt mixture at all times. Corn supplements for steers were mixed at z-wk intervals, sampled and individually analyzed for salinomycin activity. Salinomycin activity was analyzed using an automated turbidometrlc bioassay". On the final day of the trial, ruminal fluid samples were taken from each steer 2 h postfeeding using a stomach tube. Ruminal fluid (5 rot) was strained through four layers of cheesecloth and placed in culture tubes containing 1 ml of 25% rnetapbosphoric acid and frozen. The frozen ruminal fluid was thawed and centrifuged at 10,000 X g before being analyzed for NH, (Conway, 1958) and for VFA using gas chromatography (Erwin er al., 1961) parainfluenza, leptospirosis (5~way) and clostridial diseases (7-way) at initiation of the acclimatization period. All steers were dewormed, and an insecticide-impregnated ear tag was administered to all steers on d 0 of each trial. Steers were visually evaluated daily and had access to shade and water. A commercial mineral mixture containing Na, Ca, P, Mg, Mn, Fe, Set Cu, Co, Zn and I, formulated to meet nutrient requirements (NRC, 1984) at expected intake levels was available to steers in both trials.
Pasture Managemet1t. Bermudagrass pastures were individually soil sampled and fertilized according to soil test results (Tisdale and Nelson, 1975) . Stocking rates were low enough in the two summer grazing periods that forage availability would not be limiting. When necessary, pastures were clipped to a height of 12 cm to maintain forage in a nutritious, actively growing state. Pastures received 75 kg/ha of N as ammoinium nitrate at 28-d intervals throughout the grazing season. In previous research at this location using beef replacement heifers with similar' pasture fertility levels (Bagley et aLI 1984) , available forage had a crude protein average of 17.5% from April through July.
Pastures were rotated in both trials at 2-wk intervals to allow all treatment groups to rotate through all pastures within a replicate, thus forage availability and location would not be factors. Weeds and pasture insects were contolled as necessary. Trial 1 was conducted from April 29 through October 7 (161 d) and trial 2 from May 14 to August 21 (99 d).
Statistical Analysis. Steer performance (weight, gain, height. condition score) in trials 1 and 2 and ruminal fluid (NH 3 -N and VF A) component data in trial 1 for individual steers were analyzed using least-squares analysis of variance (Steel and Terrie, 1980) in a randomized block design (SAS.1984) using steer as the experimental unit. The assumption was made for the statistical analysis that salinomycin consumption was equal for all steers within a treatment group. Mineral consumption data in rnal z were analyzed by analysis of variance using pens as the experimental unit, with seven biweekly total consumption figures per pen as observations. The models included salinomycin level, replicate and interactions.
In trial 1, treatment sums of squares were partitioned COtest linear, quadratic and cubic effects of salinomycin level. Trial 2 data were: analyzed by single degree-of-freedom comparisons.
Results and Discussion
Trial L, Ruminal NH3~N levels showed linear increases (P < .01) for steers fed increasing levels of saIinomycin (Table 1) , which disagrees with monensin effects reported from other researchers. These workers (Van Nevel and Demeyer, 1977; Chalupa, 1980) reported that ruminal NH3-N concentrations in steers fed feedlot diets containing 12 to 13% crude protein were lowered by monensin, primarily due to an increase in ruminal escape protein. Previous work (Bagley et aI., 1984) at this location has shown that well fertilized bermudagrass pastures can contain 21 % crude protein during the grazing season, well above requirements for growing steers (NRC, 1984) . Estimates are that 10 to 30% of the crude protein content of grasses is in the form of non-protein N, with higher levels associated with high N fertilization levels (Rhykerd and Noller, 1976) . Monensin has been shown to decrease ruminal turnover rates (Dinius et aI., 1976; Lemenager et aI., 1978) and microbial growth rates in the rumen (Poos et al., 1979; Isichei and Bergen, 1980) . These factors could result in more NH3 becoming available, due to the longer time high-N forages remain in the rumen and to reduced microbial utilization of NH,.
Shifts in ruminal VFA concentrations did occur, being more pronounced when expressed as m01l100 mol (Table 1) . A linear increase (P < .01) was observed for propionate (moll100 mol) and linear decreases (P < .01) for butyrate (expressed both as m01l]00 mol and ,umollml) and for acetate:propionate ratio. Quadratic effects (P < .01) were observed for acetate and (Table 2) . Average weight gains of steers were increased 47% by salinomycin supplementation. Although the magnitude of increase in performance in this trial was high, it agrees with results of other monensin trials (Oliver, 1975; Hill et al., 1979; Bagley et al., 1981) . Forage intake has been shown to increase with monensin supplementation by as much as 13.1 % (Horn et al., 1977; Pond and Ellis, 1981) . Concomitant with increased daily gains and total gains of steers in this trial were increased hip heights of steers (linear = P < .01 i quadratic = P < .05) and higher body condition scores (linear = P < 05; Table 2 ). Supplemental mineral intake was slightly above (20%) expected consumption levels.
Trial 2. Mineral sources were available ad libitum for the six groups of steers on bermudagrass pasture (3 control, 3 medicated groups) fer 99 d. The addition of salinomycin (Table 3) to the mineral premix reduced (P < The cause for the loss in activity of this mineral supplement during the 2 wk from mixing to trial initiation has not been identified. Salinomycin activity level was in question early in the trial, but the trial was continued as additional samples were taken to confirm the loss of activity and to determine the reason for the loss in activity.
Daily intake of salinomycin averaged 38 mg/head, considerably below the target intake of 100 mg/head, though intake of the medicated mineral supplement was close to anticipated levels (65 g/d vs 75 g/d). With this low level of salinomycin intake, performance of steers in terms of daily gain, height and condition score was similar to the performance of the control steers. Intake of the control mineral was higher than predicted (131 g/d). Although a response was elicited from daily intakes of 55 mg of salinomycin in trial 1, the daily intake of 38 mg/hd in trial 2 did not improve steer animal performance.
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butyrate, when expressed as mol/IOO mol. This agrees with previous research by Richardson et a1. (1976) , Thornton et al. (1976) and Chalupa (1980) using monensin. There was a general, but nonsignificant, decline in total VFA production. Poos et al. (1979) and lsichei and Bergen (1980) showed declines (P < .05) in VFA concentrations with mo nensin. The acecate.propionate ratio was linearly decreased (P < .01) for steers fed salinomycin in this trial. Daily gains and final weights were increased both linearly (P < .01) and quadratically (P < OS) by increasing salinomycin levels (Table 2) , Average weight gains of steers were increased 47% by saJinomycin supplementation. AI· though the magnitude of increase in performance in this trial was high, it agrees with results of other monensin trials (Oliver, 1975; Hill et al., 1979; Bagley et al., 1981) . Forage intake has been shown to increase with monensin supplementation by as much as 13,1 % (Horn er at, 1977; Pond and Ellis. 1981) , Concomitant with increased daily gains and total gains of steers in this trial were increased hip heights of steers (linear = P < ,01 i quadratic = P < ,OS) and higher body condition scores (linear = P < OS i Table 2 ), Supplemental mineral intake was slightly above (20%) expected consumption levels, Trial 2. Mineral sources were available ad libitum for the six groups of steers on berrnudagrass pasture (3 control, 3 medicated groups) for 99 d. The addition of salinomycin (Table 3) to the mineral premix reduced (P < .OS) daily consumption (131 vs 65 g/head). Anticipated consumption of the mineral premix was 7S g/d. The mineral supplement was formulated to contain 1,320 mg salinomycin/kg; samples taken immediately after mixing on analysis contained 1,285 mg/kg, Control and medicated supplements were sacked in plastic-lined paper bags. Feeding of the mineral supplements began approximately 2 wk after mixing (d 0); mineral supplements were sampled and immediately analyzed for salinomycin activity on d 0, SO and 99, The average salinomycin activity level for the three sampling dates was 588 mg/kg (608, 577 and 578 mg salinomycin/kg on d 0, SO and 99, respectively). The cause for the loss in activity of this mineral supplement during the 2 wk from mixing to trial initiation has not been identified, Salinomycin activity level was in question early in the trial, but the trial was continued as additional samples were taken to confirm the loss of activity and to determine the reason for the loss in activity.
Daily intake of salinomycin averaged 38 mg/head, considerably below the target intake of 100 mg/head, though intake of the medicated mineral supplement was close to anticipated levels (65 g/d vs 7S g/d) . With this low level of salinomycin intake, performance of steers in terms of daily gain, height and condition score was similar to the performance of the control steers. Intake of the control mineral was higher than predicted (13l g/d). Although a response was elicited from daily intakes of 55 mg of salinomycin in trial 1, the daily intake of 38 mg/hd in trial 2 did not improve steer animal performance, Biweekly consumption of mineral supplements varied, being lower in all but one of the seven periods for the supplement containing salinomycin (Table 3 ) compared with the control supplement.
Consumption of mineral supplements by individual steers fed free-choice varies daily due to changes in forage characteristics (Fowler, 1969) . Machen et al. (1983) reported response of beef animals to monensin was maximized when supplement was fed daily, compared with every 2nd d. The lack of response in trial 2 of the present study to salinomycin could be due to the intake of salinomycin that was lower than anticipated (38 vs 100 rug/d) and to sporadic mineral supplement intake. 
